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SUMMARY

This work study was an effort to determine electron impact cross

sections of helium atoms in the 2'S level to upper excited states.

Excitation cross sections of ground state xenon was also studied. Due

to the difficulty in obtaining a suitable target density of metastable

atoms in the 2'S level, only an upper limit to the cross section under

study was obtained.

Measurements of several optical transitions of xenon ground state

atoms were made, and tables of values for these are presented.

vii



SECTION I

INTRODUCTION

Since a significant fraction of the atoms or molecules in a plasma

are in excited states, it is necessary to consider the influence of the

excited state constituents on the characteristics of the plasma. While

a large body of information exists for electron impact excitation and

ionization of atoms and molecules in the ground state,' relatively

few studies exist on the cross sections of atoms or molecules in

excited states.2- 12  In a low density plasma, a majority of the

excited states will decay in a time much shorter than the reciprocal

of the average collision frequency. However, the metastable states

in general have lifetime longer than the average time between collisions

with either electrons or other atoms. The metastable states are much

closer to the ionization threshold than the ground state, and atoms

in metastable states may be ionized by a collision with an electron

of much lower energy than that which would be required to ionize a

ground state atom. Additionally, since the probability for a transi-

tion from one state to another state depends on the quantum configura-

tions of both the initial and final states, the cross section for

excitation of atoms in metastable states to other excited states is

expected to be different from the cross sections from ground state atoms

to those same excited states. In this study, experiment were undertaken

to measure the cross sections of selected atoms in metastable states

to other excited states.

Atoms were excited using either one or two electron beams. When

using two beams, the first electron beam is set to have an energy

sufficient only to excite the lowest metastable level of the atom.

1I



Atoms in metastable states flow out of the first electron beam and into

the second electron beam where they may be excited to higher levels.

Decay radiation from the higher levels is the signal which is detected.

Using a single electron beam, excitation from the metastable state of

the atom is observed in the energy range from the threshold of excita-

tion to a selected upper level. Since the interaction volume of the

electron beam and gas contains atoms in metastable states as well as

neutrals, excitation from metastable atoms to upper levels can occur,

and can be detected by monitoring the decay radiation from the upper

level.

As a part of this study, measurements of direct excitation from

the ground state to optically allowed levels were made, also using a

single electron beam.

2



SECTION II

EXPERIMENTAL PROCEDURE

1. General

Electron excitation experiments were performed in a vacuum chamber

pumped by a turbomolecular pump to an ultimate pressure of 10-1 Torr.

The chamber contained independently controlled electron guns which

created parallel and non-intersecting electron beams. Atoms were

excited in the volume defined by the intersection of an electron beam

with an atomic beam with the equivalent pressure of 10- 4 Torr.

Experiments could also be performed with a static gas fill. The

measured signal was the decay radiation from excited atoms. Primary

elements of the system are illustrated in Figure 1. Decay radiation

from the chamber is focused by a lens onto the entrance slit of Jarrell

Ash one half-meter focal length monochromator to accomplish spectral

line selection. An RCA 31034A photomultiplier tube was used to detect

the radiation. Signal from the photomultiplier tube is fed into an

SSR 1120 Discri-minator/Preamplifier, and then to an SSR counter. The

electron gun accelerating voltage was modulated with a 50% duty cycle,

so that the SSR counter could be used to repetitively accumulate

signal plus noise in one channel, and noise in a second channel, and

display the difference after a selected integration time.

2. Single Step Excitation

For a selected excited state i, the net rate of excitation of

the i th state is a function of spontaneous emission out of the state,

electron-atom and atom-atom collisions leading to population or

depopulation of the i th state, and cascade contributions by spontaneous

3
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emission from higher states ending on the ith states, as well as the

cross section for direct excitation from the ground state. This may

be expressed as follows, neglecting spatial gradients and electron

quenching:

Rate of direct excitation Rate of all cascades
to the ith state from higher states

Spontaneous emission + Transfer of pop 6ation into
from the ith state or out of the i state due (1)

to atom-atom collisions

The third term of the right hand side of Eq. (1) may be determined

by measuring the total photon flux from the ith state to all lower

states. The cascade contribution can similarly be determined by

measuring the total photon flux for transitions ending on the i th state.

Population changes due to atom-atom collisions involving an electron

excited atom are negligible when operating at a suitably low density

of atoms. For steady conditions wherein dN(i) is zero, the rate of
dt

the atomic excitation to the ith state due to electron collision may be

determined by measuring the photon flux into and out of the state:

Rate of excitation to the ith F
state by electron collisions k . ki

i>j k>i

where Fij is the photon flux from i-j transitions and Fki is the photon

flux from k-*i transitions.

The rate of excitation to the ith state by electron collision

is given by

5



NAx Q(i)I
e

where N is the number of atoms/cm3 , 6x is the path length of the electrons

through the electron-atom interaction volume, I is the current through

the interaction volume, e is the charge on an electron, and Q(i) is

the inelastic collision cross section for ground state atom to the ith

state. Then

NAx Q(i)- k F Fki (3)e i j k

i>j k>i

It is seen that in order to determine the absolute level cross section

QM), one must measure N, AX, I, and the difference in the populating

and depopulating optical transitions,

zFi - Fki
j k

i>j k>i

The probability nf a transition from state i to j, i>j is designated

the optical cross section of the spectral line and is written Q

This may be expressed as

F..

Qij - NAx (I/e) (4)

These expressions may be used to analyze both excitation from the

ground state to excited states, and from metastable states to excited

states.

6



3. Two Step Excitation

As discussed previously, decay radiation on a selected optically

allowed transition may be observed in a single electron beam below

the energy threshold of excitation from the ground state, due to the

excitation of atoms which are in metastable states. The ratio of photon

flux above and below the ground state excitation threshold may be used

to determine the apparent cross section for excitation of the metastable

state to the selected optically allowed level. This is accomplished

as follows.

For a selected optically allowed state k, the neutral density is

related to the photon flux from the decay transition from the state by

FN - Fk
No Qkj AX0I /e) (5)

where N is the number of neutrals per cm , Fkj is the photon flux from

the atomic line generated by the kj transition, Qkj is the "line" or

"optical" cross section, Ax is the path length of the electrons through

the observed interaction volume, and 11 is the electron current at

the electron energy above the threshold for excitation from the ground

state where the observation of the transition is made.

Assuming the excitation probability is much less than unity, the

number density of atoms in the metastable state m is

N NoQm /e (6)Nm - v A

7



where Q'm is the "apparent" cross section for excitation of the m level

from the ground state (includes cascade excitation), V is the average

velocity of the atoms in passing through the electron beam, and A is

the area of the atomic beam. 12 is the electron current at the

electron energy below the ground state-to-excited state energy

threshold and above the ground state-to-metastable state energy

threshold where photon flux resulting from excitation from the meta-

stable level is observed.

The apparent cross-section Q'mk for excitation on the optically

allowed transition from the metastable state m to another state k is

Q1 F*ki

mk BkiN m Ax 12/e

where F ki is the photon flux observed on a transition k-i when the

electron energy is between the excitation energy thresholds of states

m and k. That is, the electron energy is insufficient for direct

excitation of the k state from the atomic ground state. Bki is the

branching ratio for the k-i transition.

Combining equations 5, 6, and 7 yields:

Q F*ki Qki 8 Ae)

mk Fki Q'm (12)2 Ax ki

In this equation F*ki/Fki is the ratio of the optical signal on the

k+i transition when the exciting electron is insufficient for direct

excitation of the k state, to that observed when the electron energy

can directly excite the k state. To use this equation, the cross sec-

tions Qki and Q'm and the branching ratio Bki must be known.

8



SECTION III

RESULTS

1. Excitation From the 2'S State of Helium

Work during the first phase of this study centered on obtaining

measurements of two step excitation processes in helium and krypton.

These experiments were follow-on efforts for work which was conducted

in AFWAL/POOC-3 under a previous contract. (See Technical Report

#AFAPL-TR-77-84) 13

In helium, measurements of excitation from the 21S state were

attempted. The 2'S level has a radiative lifetime of 1 millisecond

while the diffusion time from the volume of interaction of the electron

beam is approximately I0-1 seconds. Therefore, excitation from the

21S metastable level to upper singlet levels should be possible.

According to calculations by Flannery, et al.' 2 a likely candidate

for observations would be the He 6678A (3'D-2'P) transition. (See

Figure 2). The 2'S-+3'D cross section has a predicted value of 1.1

x 10- 11 cm2 at 10 eV.

A drawback to this transition is the radiative background at the

wavelength. The largest source of noise for this experiment is the

black body emission from the cathodes and cathode heater filaments.

While the noise counts from this source might be less than 50 per

second, the noise count rate represents a limiting factor on the minimum

signal which may be obtained. The following example illustrates this

limitations.

The minimum observable signal is determined by the noise counts

and the integration period:

9
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FIGURE 2 Energy Level Diagram for Helium Singlet System.
The zero on the energy scale corresponds to the
1'S ground state of helium.
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Signal - (2N) i  (9)

where N = noise counts per second

T = integration period

Noise sources for this experiment are the dark counts for the photomul-

tiplier-tube PMT (<20 cps), and the black body emission from the cathode

(50<N<350, for 350 nm<X< 800 nm) with 500 micrometer slits, and

VPMT = 1600V. A typical noise level might be 100 cps. Also, the

maximum reasonable integration period is =1000 seconds, since the

signal must be observed with a sufficient number of data points dis-

played over the width of the electron beam energy range to show all

observable details of the excitation function, as the electron gun

energy is swept.

Then

Signal > (2 x 102 x 103)1
; (10)

> 450 counts.

From equation 8 for measuring the cross section of a metastable atom,

Q1 mk

F* ki Q'mk Fki Q'm (12)2 x Bki (11)

Qki 12 v Ae

By putting in approximate values for the above quantities, an estimate

of the minimum direct signal strength can be determined. Using

Qki = 3.5 x 10"19 cm2

Q'M = 5 x 10-18 cm2
m
m' = 1.1 x 10-15 cm2

11



(5xlO2)(3.5xlO- 9cm2 ) (2.5xlO-5 coul/sec)(.2cm)
(1.6x10-19 coul/elec)(1.27x10 5cm/sec)

Fki (l.lx10-5 cm2)(5x10-cm2 )[2xlO-5 coul/sec)2 ]

= 8.08 x 106 counts or 8 x 103 counts per second,
assuming an integration time of 1000 seconds.

Using the appropriate values for the 3-*D'2+P transition, it is

ascertained that unless the cross section exceeds 10-16, the measurement

criterion defined in statement 10 cannot be achieved.

The data acquisition efforts for the subject transition produced

a signal which did not achieve the measurement criterion although there

was evidence of the two step signal of the appropriate energy threshold.

The evidence was that the counts were no longer random around zero,

but were favored towards the in-phase channel of the digital synchronous

counter.

2. Triplet Excitation From the 23S State of Helium

In the foregoing, the first electron gun had been fixed in energy

at 21 eV, while the second electron gun was swept in energy from 3 to

20 eV. In this way the excitation function of the helium 23S to n3.

levels could be produced. Since 21 eV electrons can excite either the

21S or the 23S state from the ground state, both the singlet and the

triplet system is probed by the second electron beam. The effects of

excitation in the two systems is separable by identification of the

optical transition from which emission is monitored. This is illustrated

in Figure 3 for the helium triplet system.

12
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3. Triplet Excitation From the Helium Ground State.

If the second electron gun is fixed in energy at 15 eV, and the

first electron gun is swept in energy, the decay radiation from the

interaction volume of the second electron gun would be proportional to

the excitation function of the helium 1'S- 23S cross section.

There are two good reasons for performing this experiment. First,

the 1'S+2 3S cross section as a function of energy has not been measured

directly. The existing data for this cross section all include addi-

tional transitions for population at the 23S level, and some account

must be made for these contributions. Figure 4 shows the total meta-

stable result of Borst from Reference 14, and Figure 5 shows this

author's interpretation of the 11S-o2 3S cross section, made by normalizing

the shape of the 1'S.+23S excitation function of Holt and Krotov' 3  to

the first peak of the total metastable"5 excitation function of Borst.

The experiment described above is in principle capable of measuring

directly the shape of the 1'S- .23S excitation function. The second good

reason is that the experiment would confirm the validity of the data

interpretation of previous work where the goal was to measure the 2
3S

to n3t cross sections.

The experiment was performed under circumstances similar to the

23S-n3j measurements.1 3  The second electron beam, fixed at 15 eV was

100% modulated. The first electron beam was swept in energy from 15

to 25 eV. Typical (best) data are shown in Figure 6. The first obser-

vation is that the signal to noise ratio is much less than optimum.

14
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HIwever, further examination reveals that between 20 and 22 eV,

the counts, each of which represents a one thousand second counting

period, are not random about zero. Comparison with Figure 5 indicates

that this energy regime contains the maximum of the helium 11S-+2 3 S

cross section as inferred from Holt and Krotkov. Thus the non-randomness

of the data in Figure 6 is an indication that two step excitation in

the triplet system of helium. However, the scatter in the data precludes

an estimate of the metastable density in the atomic beam. The data

obtained are not of sufficient quality to improve on the knowledge of

the excitation function for the 11S,23n . measurements.

4. Excitation From the Ground State in Xenon

In accord with equation 8, in order to use the ratio of photon flux

above and below the ground state excitation threshold of a transition

to determine the cross section from metastable states to the upper level

of the transition, it is necessary to know the optical cross sections

of the transition from the ground state. In the case of helium, this

data had been compiled and published by other researchers. Optical

and level cross sections of xenon have not received sufficient study

to be known with an acceptable level of confidence. As a part of this

study, measurements weremade of electron impact excitation functions

in xenon. Excitation functions of 6p, 6p', P' , 8s, 5d', and 8d'

levels were measured, and were published in a separate report.' 6

During the course of that study, the need for high resolution spectra

in xenon became apparent following difficulty in identifying the

classification of several prominant lines and resolving others.

18



Presented in Table 1 are the spectral lines of xenon in the range

of 3500A to 9000A, observable with the apparatus described in Section

I, when the accelerating voltage is set at 50 volts, and the slit
0

width of the monochromator is set to yield resolution of 4.8A.

The measured wavelength of the spectral line is corrected with

a calibration constant measured for the monochromator, and assignment

to the nearest logical choice from the tables of spectral lines in
0

Striganov and Sventitski.'7  Three spectral scans over a range of 500A

were normalized to the strongest transition in the range, and then

averaged, to determine the intensity of the spectral lines. The spectral

data is uncorrected for detector sensitivity.

19
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TABLE I

RELATIVE INTENSITIES I OF XENON I AND XENON II AT 50 eV

x I

3644.93 Xell 2.99 E2

3669.91 2.26 E2

3688.80 0.85 E2

3702.74 0.79 E2

3711.64 XeII 0.58 E2

3720.80 XeII 4.97 E2

3731.18 Xell 2.91 E2

3770.12 Xell 1.12 E2

3809.84 XeII 6.84 E2

3811.05 1.19 E3

3826.86 2.30 E2

3849.87 Xel 1.61 E2

3858.53 XeII 3.25 E2

3869.63 XeII 8.34 E2

3885.00 XeIl 1.81 E2

3907.91 Xell 2.47 E2

3943.57 XeII 3.60 E2

3950.93 7.78 E2

3967.54 4.97 E2

20



TABLE I (continued)

3985.20 2.31 E2

3990.33 XeII 3.11 E2

4002.35 XeII 2.42 E2

4025.19 XeII 1.18 E3

4037.59 XeII 7.01 E2

4044.90 XeII 2.85 E2

4057.46 XeII 4.45 E2

4078.82 5.85 E3

4104.95 XeII 7.46 E2

4116.12 1.76 E3

4131.01 XeII 1.46 E2

4135.13 1.45 E2

4162.16 XeII 6.12 E2

4180.10 XeII 2.21 E3

4193.53 1.75 E3

4209.47 XeII 1.36 E3

4215.60 XeII 6.22 E3

4223.00 XelI 5.62 E2

4238.25 XeII 1.35 E3

4245.38 XeII 2.80 E3

4251.57 XeII 5.99 E2

4263.44 XeII 1.95 E2

4269.84 Xell 6.71 E2

4278.68 ?1.59 E2

4296.40 XeII 8.01 E2

4310.51 XeII 5.96 E2

4321.82 XeII 2.54 E2

4330.52 XeII 2.57 E3

21



TABLE I (Continued)

4337.02 Xell 3.78 E3

4360.32 XeIl 1.14 E2

4369.20 XeIl 5.79 E2

4385.77 4.55 E2

4395.77 XeII 2.65 E3

4406.88 Xell 3.08 E2

4414.84 XeII 2.15 E3

4440.95 Xell 1.52 E2

4448.13 XeII 1.71 E3

4461.19 XeIl 2.40 E3

4470.90 XeIl 5.01 E2

22
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TABLE I (continued)

4480.86 XeII 5.89 E2

4500.98 6.45 E2

4507.11 XeII 4.05 E2

4524.68 3.05 E3

4532.49 XeII 1.49 E3

4540.89 XeII 7.44 E2

4550.79 XeII 2.97 E2

4582.75 2.74 E3

4592.05 XeIII 1.28 E3

4603.03 XeII 1.82 E4

4615.50 XeIT 2.63 E3

4624.28 6.55 E3

4633.30 XeII 1.61 E2

4651.94 XeII 1.37 E3

4671.23 7.04 E3

4697.02 2.14 E3

4708.21 2.34 E2

4715.18 XeII 7.69 E2

4721.00 XeII 3.17 E2

4734.15 1.70 E3

4748.31 ?2.76 E2

4769.05 XeII 1.04 E3

4775.76 XeII 4.33 E2

4779.18 XeII 3.99 E2

4787.77 XeII 6.58 E2

4792.62 5.93 E2

4799.15 XeII 2.18 E2

23



TABLE I (continued)

4807.02 4.77 E3

4818.02 XeII 2.12 E3

4823.41 XeII 9.27 E2
4829.71 2.15 E3

4844.33 XeII 1.08 E4

4853.77 XeII 5.56 E2

4862.54 XeII 1.98 E4

4876.50 XeII 5.61 E3

4884.15 XeII 4.22 E3

4887.30 Xel! 4.43 E3

4905.20 XeII 1.97 E2

4921.48 XeII 7.00 E3

4933.44 ?2.09 E2

4954.30 ?0.93 E2

4972.71 Xe!! 7.96 E3
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TABLE I (continued)

4988.77 XeII 1.23 E3

5012.83 Xell 1.03 E3

5023.88 2.92 E2

5028.28 3.18 E2

5044.92 XeII 5.32 E3

5052.54 XeII 4.65 E2

5069.82 XeIl 1.77 E2

5080.62 XeII 1.13 E3

5092.02 XeII 1.38 E3

5108.75 XeII 3.07 E2

5122.42 XeII 6.41 E2

5125.70 Xell 7.23 E2

5149.55 ? 1.10 E2

5162.71 2.55 E2

5178.82 XeII 6.59 E2

5184.48 XeII 9.43 E2

5191.37 XeII 2.65 E3

5201.42 Xell 2.60 E2

5226.62 Xell 1.80 E2

5247.75 XeII 2.93 E2

5261.95 XeII 5.63 E3

5268.31 Xell 6.12 E2

5292.22 Xell 9.79 E3

5313.87 XeII 1.87 E3

5327.90 XeII 1.99 E2

5339.38 Xell 4.99 E3
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5363.27 Xell 7.30 E2

5368.07 XeIl 8.92 E2

5372.39 Xell 3.73 E3

5392.80 1.00 E3

5400.45 3.60 E2

5419.15 XeIl 1.04 E4

5438.96 XelI 2.85 E3

5450.45 Xell 5.99 E2

5460.39 Xell 6.53 E2

5472.61 XeII 9.99 E2
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TABIF I (continued)

5488.56 9.10 E2

5496.07 XeII 2.47 E2

5515.18 ? 3.09 E2

5525.29 XeII 2.78 E2

5531.07 XeII 1.40 E3

5552.39 ? 8.11 E2

5566.62 1.50 E3

5572.19 Xell 6.13 E2

5581.78 7.98 E2

5594.37 3.83 E2

5618.88 1.12 E3

5633.24 XeII 3.99 E2

5646.19 1.80 E2

5652.84 2.68 E2

5659.39 XeII 1.39 E3

5667.56 XeII 1.79 E3

5688.37 3.20 E2

5695.75 1.39 E3

5709.80 4.28 E2

5716.20 1.59 E3

5726.91 XeII 1.55 E3

5733.48 2.41 E2

5740.17 1.40 E3

5751.03 XeII 1.38 E3

5758.65 XeII 9.75 E2

5776.39 XeII 1.18 E3

5800.91 ? 2.00 E2

5814.51 4.82 E2
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TABLE I (Continued)

5823.89 1.88 E3

5830.63 3.90 E2

5835.50 XeII 3.28 E2

5843.43 2.89 E2

5856.51 1.55 E3

5875.02 9.50 E2

5893.29 XeII 3.65 E3

5905.13 XeII 9.05 E2

5909.67 Xell 9.85 E2

5922.55 4.59 E2

5931.24 9.13 E2

5934.17 1.07 E3

5945.53 XeIl 7.41 E2

5958.03 Xell 3.43 E2

5976.46 Xell 2.12 E3
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TABLE I (continued)

5974.15 1.33 E3

5989.18 6.16 E2

5998.12 3.01 E3

6009.78 4.35 E2

6026.76 3.92 E2

6031.36 3.64 E2

6034.92 7.07 E2

6036.20 1.66 E3

6043.38 5.08 E3

6048.00 6.77 E2

6051.15 XeIl 2.23 E3

6070.94 3.76 E2

6097.59 XeII 6.93 E2

6101.43 Xell 2.02 E3

6103.88 5.77 E2

6114.86 3.40 E3

6130.56 1.71 E3

6144.97 1.05 E2

6152.07 1.42.E2

6163.66 9.91 E2

6178.30 1.23 E3

6179.67 1.40 E3

6182.42 3.47 E3

6189.20 5.53 E2

6198.26 1.16 E3

6206.30 1.03 E3

6224.17 5.18 E2

6242.09 3.34 E2

6261.21 3.80 E2

6265.30 9.32 E2
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TABLE I (continued)

6270.82 XeII 1.98 E3
6277.54 Xe!! 3.97 E3
6286.01 1.30 E3
6292.65 6.25 E2
6298.31 XeII 3.75 E2
6318.06 1.87 E3
6333.97 7.58 E2
6337.58 5.05 E2
6343.96 XeII 1.01 E3
6356.35 Xell 9.77 E3
6397.99 XeII 3.38 E2
6412.38 3.48 E2
6418.98 2.12 E3
6430.16 2.37 E2
6451.79 1.67 E3

6461.50 3.33 E2
6469.71 8.47 E2
6472.84 7.98 E2
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TABLE I (continued)

6487.77 1.07 E3

6498.72 1.22 E3

6504.18 4.35 E2

6512.83 Xell 1.66 E3

6521.51 5.64 E2

6533.16 2.25 E3

6543.36 6.53 E2

6554.19 1.86 E2

6559.97 1.49 E3

6583.27 1.95 E2

6595.56 6.13 E3

6604.54 5.53 E2

6607.41 1.40 E3

6620.02 XeII 3.42 E2

6632.46 1.49 E3

6657.92 9.24 E2

6668.97 2.42 E3

6681.04 2.01 E3

6694.32 XeII 4.99 E2

6702.25 XeII 6.85 E2

6728.01 1.36 E3

6752.95 3.78 E2

6767.12 9.89 E2

6771.57 4.84 E3

6790.37 XeII 5.08 E2

6805.94 XeII 1.42 E3

6818.38 7.35 E3

6827.32 6.58 E2
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TABLE I (continued)

AI

6841.5 4.38 E2

6848.82 2.27 E3

6866.83 1.69 E3

6872.11 3.35 E3

6882.16 1.47 E3

6899.05 2.17 E2

6910.82 1.32 E3

6925.53 1.95 E3

6935.62 3.08 E3
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TABLE I (continued)

x I

6990.88 XeIl 2.55 E3

7019.8 5.35 E2

7035.5 5.56 E2

7047.4 1.29 E3

7082.15 XeII 2.89 E2

7119.6 4.42 E3

7136.6 3.06 E2

7147.5 XeII 9.81 E2

7164.8 1.30 E3

7200.8 9.05 E2

7209.1 3.89 E2

7215.97 XeII 5.19 E2

7244.9 5.31 E2

7257.9 2.33 E3

7266.5 9.85 E2

7284.3 3.45 E3

7301.8 9.19 E2

7307.4 7.11 E2

7316.9 1.34 E3

7319.8 9.98 E2

7339.3 7.60 E3

7355.6 3.92 E2

7386.0 1.59 E3

7393.8 1.63 E3

7400.4 6.32 E2

7424.1 1.31 E3

7441.9 5.15 E2

7451.0 6.05 E2

7474.0 ? 2.04 E3
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TABLE I (continued)

x I

7492.23 1.90 E3

7501.13 6.77 E2

7548.45 XeIl 3.67 E2

7584.68 1.55 E3

7600.77 4.15 E2

7608.46 3.64 E2

7618.57 XeII 2.90 E2

7642.03 4.52 E3

7664.56 1.42 E3

7666.61 2.99 E2

7740.31 1.21 E3

7783.66 6.31 E2

7787.04 XelI 6.44 E2

7802.65 3.94 E3

7832.98 2.86 E2

7841.23 4.23 E2

7887.40 1.59 E4

7954.22 3.72 E2

7967.34 5.06 E3

8057.26 2.1 E2

8061.34 2.46 E2

8080.31 4.23 E2

8115.84 XeII 8.35 E2

8120.16 XeII 1.05 E2

8171.02 2.74 E2

8206.34 7.1 E2

8231.63 1.29 E3

8266.52 2.48 E3

8280.12 3.57 E3

8324.58 1.96 E2
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TABLE I (continued)

I

8346.82 9.87 E2

8349.05 4.56 E2

8392.37 6.29 E2

8409.19 1.64 E3

8482.64 5.65 E3
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TABLE I (continued)

A I

8500.96 3.70 E2

8522.55 4.14 E2

8530.10 7.21 E2

8553.65 2.64 E2

8576.01 1.67 E3

8624.24 4.01 E2

8648.54 2.25 E3

8692.20 6.32 E2

8696.86 4.60 E2

8709.64 2.48 E2

8739.39 7.96 E2

8758.20 2.55 E2

8785.88 XeIl 1.69 E2

8804.61 XeII 1.64 E2

8819.41 1.40 E4

8862.32 2.67 E2

8952.25 4.89 E2
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SECTION IV

CONCLUSIONS

Results from the experiment to measure cross sections from the

helium 2'S level were less than definitive, and dictated that a more

favorable approach be taken to that class of cross section measurements.

To provide supplementary data for metastable state excitation cross

section measurements in xenon, excitation cross section measurements

for ground state xenon were made, and a portion of these data are

presented here. These spectral data will allow a more comprehensive

analysis of ground state xenon cross sections, by enabling cascade

analysis and by providing for identification of potential spectral

overlap for excitation function measurements.
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